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(57) ABSTRACT 

The present invention is directed to a DNA vaccine for immu 
nization against HIV. The invention comprises a DNA mol 
ecule that has a sequence encoding a plurality of viral proteins 
capable of stimulating an immune response against HIV. The 
DNA molecule is rendered safe for use as a vaccine by the 
disruption of genes encoding reverse transcriptase, integrase, 
and Vif. The DNA molecule is further rendered safe by at least 
a partial deletion of the 3' LTR. 
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HIV DNAVACCNE METHODS OF USE 

CROSS-REFERENCE TO RELATED 
APPLICATION 

0001. The application claims benefit of U.S. Provisional 
Application No. 60/503,197, filed Sep. 16, 2003: U.S. patent 
application Ser. No. 12/368,151, filed Feb. 9, 2009; and U.S. 
Pat. No. 7,488.485, filed Sep. 15, 2004. This application is a 
divisional of U.S. patent application Ser. No. 12/368,151. 

STATEMENT OF GOVERNMENT RIGHTS 

0002 This work was supported in part by NIH grant num 
bers G1401830 and G1402500. The government of the 
United States of America may have rights in this invention. 

FIELD OF INVENTION 

0003. The present invention relates generally to the field of 
prophylactic vaccines for generating protection from HIV-1 
induced disease and infection. More specifically, the present 
invention relates to DNA vaccines against the Human Immu 
nodeficiency Virus (HIV). 

BACKGROUND OF INVENTION 

0004. By the end of the year 2000, an estimated 36.1 
million people worldwide were infected with HIV. In that 
year alone, HIV/AIDS-associated illnesses claimed the lives 
of approximately 3 million people worldwide. An estimated 
500,000 of those deaths were of children under the age of 
fifteen. The importance of an HIV vaccine with respect to 
world health cannot be overstated. 
0005. It is recognized that effective vaccines that will 
inhibitor prevent HIV-1 infection or HIV-1 induced disease in 
humans will be useful for the treatment of certain high-risk 
populations, and as a general prophylactic vaccination for the 
general population that may risk HIV-1 infection or HIV-1 
induced disease. A vaccine that will confer long-term protec 
tion against the transmission of HIV-1 would be most useful. 
Unfortunately, numerous problems stand in the way of devel 
oping effective vaccines for the prevention of HIV-1 infection 
and disease. Certain problems are most likely the result of the 
unique nature of the HIV-1 virus and its functional properties, 
and as yet no effective vaccine has been developed (for 
review, see: Berzofsky et al., Developing Synthetic Peptide 
Vaccines for HIV-1, Vaccines 95, pps. 135-142, 1995; Cease 
and Berzofsky, Toward a Vaccine for AIDS: The Emergence 
of Immunobiology-Based Vaccine Design, Annual Review of 
Immunology, 12:923-989; Berzofsky, Progress Toward Arti 
ficial Vaccines for HIV. Vaccines 92, pps. 40-41, 1992). 
0006 HIV is a retrovirus, meaning that its genome con 
sists of RNA rather than DNA. There are two primary strains 
of the virus, designated HIV-1 and HIV-2, with HIV-1 being 
the strain that is primarily responsible for human infection. 
The RNA genome of HIV is surrounded by a protein shell. 
The combination of RNA genome and the protein shell is 
known as the nucleocapsid, which is in turn Surrounded by an 
envelope of both protein and lipid. 
0007 Infection of host cells by HIV begins when the 
gp120 protein of HIV, a highly glycosylated protein located in 
the viral envelope, binds to the CD4 receptor molecule of a 
host cell. This interaction initiates a series of events that allow 
fusion between the viral and cell membranes and the subse 
quent entry of the virus into the cell. 
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0008. Following entry into the host cell, HIV RNA is 
transcribed into double-stranded DNA by a viral reverse tran 
Scriptase enzyme. Once integrated into the host genome, HIV 
expresses itselfthrough transcription by the host's RNA Poly 
merase II enzyme. Through both transcriptional control and 
posttranscriptional transcript processing, HIV is able to exert 
a high level of control over the extent to which it expresses 
itself 

0009 Studies of the HIV virus have revealed much infor 
mation about the molecular biology of the virus, including 
information concerning a number of genes and genetic 
regions important to the pathogenicity of HIV. Among these 
important genes and regions are rt, int, vif, and the 3' LTR of 
HIV. 

0010. The rt gene of HIV encodes viral reverse tran 
scriptase. This enzyme utilizes the RNA genome of HIV to 
produce a corresponding linear double-stranded DNA mol 
ecule that can be incorporated into the host genome. 
0011. The intgene of HIV encodes an integrase. This is the 
enzyme that actually catalyzes the insertion of the reverse 
transcriptase-produced linear double-stranded viral DNA 
into the host genome. In order to complete integration of the 
viral DNA into the host genome, the host cell DNA repair 
machinery performs a ligation of the host and viral DNAs. 
0012. The vif gene of HIV encodes a protein known as the 
viral infectivity factor. This protein is required for the pro 
duction of infectious virions. The protein likely overcomes a 
cellular inhibitor that otherwise inhibits HIV-1, and may also 
enhance the stability of the viral core and the preintegration 
complex. 
0013 The LTR (Long Terminal Repeat) regions of HIV-1 
contain promoter regions necessary to drive expression of the 
HIV genes. The 5' LTR of HIV-1 contains the promoter that is 
primarily responsible for driving HIV-1 gene expression, 
though if the 5' LTR sequence is disrupted, the 3' LTR may 
assume this function. The 3' LTR is necessary for integration 
of the viral DNA into the host genome. 
0014. Among other important HIV-1 genes are gag, pol, 
nef, and vpu. 
0015 The gag gene encodes for, among other things, the 
p27 capsid protein of HIV. This protein is important in the 
assembly of viral nucleocapsids. The p27 protein is also 
known to interact with the HIV cellular protein CyA, which is 
necessary for viral infectivity. Disruption of the interaction 
between p27 and CyA has been shown to inhibit viral repli 
cation. 

0016. The pol gene contains the rt and int sequences of 
HIV-1, thus encoding, among other things, reverse tran 
Scriptase and integrase. 
0017. The nef gene product (known as Negative Factor, or 
Nef) has a number of potentially important properties. Nef 
has the ability to downregulate CD4 and MHC Class I pro 
teins, both of which are important to the body's ability to 
recognize virus-infected cells. Nef has also been shown to 
activate cellular protein kinases, thereby interfering with the 
signaling processes of the cell. Perhaps most importantly, 
deletion of nef from a pathogenic clone of Simian Immuno 
deficiency Virus (SIV) renders the virus nonpathogenic in 
adult macaque monkeys. Thus, a functional nef gene is cru 
cial for the ability of SIV to cause disease in vivo. Further, 
studies have shown that HIV positive individuals with large 
deletions in the nef gene remained healthy for well over ten 
years, with no reduction in cellular CD4 counts. 
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0018. The Vpu gene encodes a protein of originally 
unknown function (known as Viral Protein, Unknown, or 
Vpu), but which is now known to downregulate CD4 and 
MHC Class-I expression as well as promote viral budding. 
Vpu is also similar to another viral protein that acts as an ion 
channel. The Vpu gene is present in HIV-1, but is absent in 
HIV-2. 

0019. In nearly all viral infections, certain segments of the 
infected population recover and become immune to future 
viral infection by the same pathogen. Examples of typical 
viral pathogens include measles, poliomyelitis, chickenpox, 
hepatitis B, and small pox. The high mortality rate of HIV-1 
infection, and the extremely rare incidence of recovery and 
protective immunity against HIV-1 infection, has cast doubt 
on the ability of primates to generate natural immunity to 
HIV-1 infection when pathogenic HIV-1 is the unmodified 
wild-type viral pathogen. Thus, there is a great need for a 
vaccine that will confer upon primate populations protective 
immunity against HIV-1 virus. 
0020. A hallmark of resistance to future viral infection is 
the generation of neutralizing antibodies capable of recog 
nizing the viral pathogen. Another measure is cellular immu 
nity against infected cells. In typical viral infections, genera 
tion of neutralizing antibodies and cellular immunity heralds 
recovery from infection. In HIV-1 infection, however, neu 
tralizing antibodies and cellular immunity appear very early 
during the infection and have been associated with only a 
transient decrease inviral burden. In spite of the generation of 
neutralizing antibodies and cellular immunity, Viral replica 
tion in HIV-1 infection rebounds and AIDS (acquired 
immune deficiency syndrome) develops. Thus, in HIV-1 
infection, neutralizing antibodies and cellular immunity are 
not accurate measures of protective immunity. 
0021. A further problem in developing an effective vac 
cine for HIV-1 is the antigenic diversity of the wild-type virus. 
There is a strong possibility that vaccines generated via 
recombinant HIV-1 coat proteins will confer resistance to 
specific phenotypes of virus and not broad spectrum immu 
nity. Vaccine development using recombinant HIV-1 gp120 
peptide, a HIV-1 viral coat protein, has passed phase-one 
clinical trials showing no toxicity. Data has indicated, how 
ever, that neutralizing antibodies appeared only transiently. 
Thus, recombinant HIV-1 gp120-peptide vaccines may act 
only in the short-term, with reversion to susceptibility of 
infection occurring in the future. 
0022. In general, it is accepted that live-virus vaccines 
induce better immunity against pathogenic viruses than iso 
lated viral proteins (see, for example, Putkonen et al., Immu 
nization with Live Attenuated SIV, Can Protect Macaques 
Against Mucosal Infection with SIV Vaccines 96, pps. 200 
210, 1996; Dimmock and Primrose Introduction to Modern 
Virology, Fourth Ed., Blackwell Science, 1994). The use of 
live lentivirus vaccines, such as HIV-1 vaccine, is resisted 
because of great concern that the virus will persist indefinitely 
in the inoculated population because of integration of the viral 
DNA into the host DNA of the inoculated individuals (see, for 
example, Haaft et al., Evidence of Circulating Pathogenic 
SIV. Following Challenge of Macaques Vaccinated with Live 
Attenuated SIV. Vaccines 96, pps. 219-224, 1996). Thus, a 
safe and effective vaccine against HIV-1 will encompass 
modifications to prevent the development of virulent patho 
genic infection that could occur by either random mutation or 
other change to the initially non-pathogenic vaccine virus. 
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One possibility for such a vaccine could come in the form of 
a DNA vaccine against HIV-1. 
0023 DNA vaccines are generally injected into host tis 
sues in the form of plasmid DNA or RNA molecules via 
needle or particle bombardment. Once delivered, the DNA 
induces expression of antigenic proteins within transfected 
cells. U.S. Pat. No. 6,194,389 describes methods for transfer 
ring DNA to vertebrate cells to produce physiological 
immune-response producing protein in an animal Subject and 
is incorporated herein in its entirety by reference. 
0024 Testing of vaccine efficacy generally requires the 
challenge of a subject with live virus or DNA. It is ethically 
and practically difficult to attempt preliminary studies using 
human Subjects. The use of model systems for preliminary 
design and testing of candidate vaccines has been hampered 
by various species-specific features of the virus. The HIV-1 
virus itself is currently known only to infect certain rate and 
endangered species of chimpanzees in addition to humans. 
The feasibility of obtaining sufficient numbers of such endan 
gered animals for full preliminary study of HIV-1 virus vac 
cines is quite low. It is preferable to use validated analogous 
animal model systems. 
0025. One analogous model system for HIV-1 has been the 
SIV (Simian Immunodeficiency Virus, macaque) system. 
SIV infects a variety of simians, including macaques, but the 
differences between SIV and HIV make SIV of limited use as 
a potential human vaccine. There is, therefore, a need for a 
vaccine made from a virus that is closely related to HIV, but 
still infectious in an animal model for purposes of testing. 
(0026 Chimeric SIV-HIV virus has been developed by 
placing the envelope proteins of HIV-1 on a background of 
SIV. The chimeric virus proved to be infectious in mon 
keys, but did not result in full-blown AIDS or an accurate 
model to mimic HIV-1 infection monkeys. 
0027. As described below, the present invention teaches 
specific DNA constructs and methods that are effective in 
generating an immune response to HIV-1 in a vaccinated host. 

SUMMARY OF INVENTION 

0028. The present invention is directed to a DNA vaccine 
for immunization against HIV. The invention comprises a 
DNA molecule that has a sequence encoding a plurality of 
viral proteins capable of stimulating an immune response 
against HIV. The DNA molecule is rendered safe for use as a 
vaccine by the disruption of genes encoding reverse tran 
scriptase, integrase, and Vif. The DNA molecule is further 
rendered safe by at least a partial deletion of the 3' LTR. 
(0029. The DNA molecule of the present invention further 
includes an SV40 polyadenylation sequence. In addition, the 
DNA molecule of the present invention is preferably regu 
lated by a natural SIV promoter sequence. 
0030 The present invention is also directed to a method of 
immunizing an individual against HIV by administering the 
present DNA vaccine to said individual. 
0031. The present invention is further directed toward a 
vaccine against multiple HIV subtypes as well as viruses 
other than HIV, said vaccine produced by Substituting genes 
from said other viruses for the orthologous HIV and/or SIV 
genes described herein. 

BRIEF DESCRIPTION OF DRAWINGS 

0032 FIG. 1 is a schematic diagram of the A4-SHIV, 
DNA construct of the present invention. 
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0033 FIG. 2 is a circular diagram of the A4-SHIV DNA 
construct of the present invention. 

DETAILED DESCRIPTION 

0034. The object of the present invention is to provide 
DNA vaccine compositions and methods that provide either 
protective immunity to uninfected Subjects or therapeutic 
immunity to infected Subjects. 
0035. One aspect of the present invention is directed to 
DNA molecules that encode viral proteins capable of stimu 
lating an immune response against HIV. In preferred embodi 
ments, the DNA vaccine encodes the gag, pro, Vpx, vpr, nef, 
tat proteins of HIV or SIV. 
0036 Importantly, the DNA molecules of the present 
invention have been disrupted functionally such that the abil 
ity to encode proteins that are important in pathogenicity are 
removed. More specifically, preferred embodiments func 
tionally disrupt the vif, int and rt genes of the DNA vaccine. 
Other embodiments functionally disrupt the rt gene. It is 
anticipated that the DNA can be disrupted functionally by 
inserting or deleting at least one nucleotide Such that the 
number of nucleotides in the altered sequences differs with 
respect to the unaltered sequences. It is also anticipated that 
the DNA encoding pathogenicity-related proteins can be dis 
rupted functionally by Substituting one or more nucleotides 
that encode functional amino acids with one or more distinct 
nucleotides that encode non-functional amino acids. In a pre 
ferred embodiment of the present invention, the functional 
disruption of the DNA encoding pathogenicity-related pro 
teins occurs via deletion of the rt, int, and Vif genes. 
0037 Another important aspect of this invention is that it 
provides for DNA vaccines that disrupt the 3' LTR sequences 
that enable undesirable integration of DNA sequences into 
the host genome. Function of the 3' LTR can also be abolished 
by Substituting functional nucleotides with distinct non-func 
tional nucleotides. The deleted 3' LTR region is preferably 
replaced with an SV40 polyadenylation sequence. Those 
skilled in the art will recognize that polyadenylation. Sites 
derived from a variety of sources other than SV40 may also be 
used as substitutes for the 3' LTR sequences. 
0038 A further aspect of the invention is the regulation of 
the DNA molecule of the present invention by use of the 
SHIV or SIV 5"LTR promoter (SEQID NO:7). This pro 
moter drives the expression of viral proteins capable of stimu 
lating an immune response against HIV present in the DNA 
vaccine. Those skilled in the art will recognize that alternative 
embodiments of this invention may substitute other func 
tional promoter sequences that will also drive expression of 
the desired viral proteins. 

EXAMPLES 

Example 1 

Construction of the A4-SHIV DNA Construct 
0039 FIG. 1 is a schematic diagram of the A4-SHIV 
DNA construct (SEQID NO:1) of the present invention. The 
construction of the present DNA vaccine A4-SHIV. DNA 
construct (SEQID NO: 1) is performed as follows. The vector 
used for the present vaccine is pET-9a. The 2.3 kb EcoR 
I/Xmn I fragment of plT-9a is replaced with the approxi 
mately 7.4 kb modified SHIV provirus genome and the 
approximately 0.5 kb polyadenylation signal sequence of 
SV40 to yield an intermediate vector. EcoRI and Not I restric 
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tion sites are created immediately upstream of the 5' LTR and 
at the end of the nef gene, respectively, in another intermedi 
ate vector. The reverse transcriptase (rt), integrase (int), and 
Vif genes are eliminated by deletion of an approximately 2.5 
kb DNA fragment between the downstream end of the pro 
gene and upstream of the Vpx gene. The approximately 3.8 kb 
nucleotide sequence that encodes the envelope (env), nef, and 
3' LTR genes of SHIV provirus genome is then replaced 
with the approximately 3.2 kb EcoRV/Not I DNA fragment 
that encodes the env and nef genes of HIV-1. The approxi 
mately 2.5 kb Nar I/BstE II DNA fragment that encodes the 
leader sequence, gag, and progenes of SIVso in SHIV2 
is replaced with an approximately 2.4 kb Nar I/BstE II frag 
ment that encodes the HIV-1 leader sequence, gag, and pro of 
HIV-1 to yield A4-SHIV, DNA construct (SEQ ID NO:1). 
Thus, the 5' LTR, vpx, and Vpr genes of the present vaccine are 
from SIV,29, and the gag, pro, tat, rev, Vpu, env, and nefare 
from HIV-1. The sequence of a preferred embodiment of the 
present DNA vaccine A4-SHIV DNA is designated SEQ 
ID NO:1. 
0040. The information below is provided to detail struc 
ture of the A4-SHIV, DNA construct (SEQID NO:1) more 
completely. A 4,981 by fragment of SHIV that encodes the 
entire gag, and pol genes (which therefore includes the rt and 
int portions of the genome), as well as the first 472 by of the 
vif gene, is replaced with a 2.376 by DNA fragment of HIV-1 
in the A4-SHIV DNA construct. This 2.376 by fragment 
encodes the entire HIV-1 gag gene, and a portion of the HIV-1 
pal gene (the entire region encoding protease is included; the 
nucleotides corresponding to the first 104 amino acids of 
reverse transcriptase have been removed; the intand Vif genes 
have been completely removed. The 4,981 by fragment of 
SHIV that was replaced is designated SEQID NO:2. The 
DNA sequence of the first 472 by of the vif gene of SHIV, 
which was also replaced is designated SEQ ID NO:3. The 
DNA sequence of the 2.376 by fragment of HIV-1 used to 
replace the deleted 4,981 by and 472 by SHIV sequences 
(SEQID NO:2 and SEQID NO:3, respectively) is designated 
SEQID NO:4. 
0041. In addition to the above, a 411 by DNA fragment is 
deleted from the 3' LTR of SHIV to yield the A4-SHIV 
DNA construct (SEQ ID NO:1). This deleted 3' LTR 
sequence is designated SEQ ID NO:5. In the A4-SHIV 
DNA construct the deleted 3LTR sequences are replaced 
with 481 by DNA sequence of the SV40 polyadenylation 
signal sequence that is designated SED ID NO:6. 

Example 2 

Efficacy of the A2-SHIV DNA Vaccine 
0042 Prior to detailing the functional aspects of the 
present invention, and the experimental results derived from 
its use, it is necessary to establish the efficacy of the present 
invention by way of comparison with that which has come 
before. Prior to the invention of the present vaccine, and 
Subsequent testing thereof, the utility thereofas a vaccine was 
unknown. 
0043. It is known from previous studies conducted by the 
inventor of the present invention that a live virus vaccine 
against HIV is highly efficient in eliciting protection against 
the virus. To establish that a DNA vaccine could be just as 
efficient in providing Such protection, an experiment utilizing 
five macaques was conducted. Three of the animals were 
injected witha A2-SHIV DNA (previously described as the 
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V7 embodiment in patent application Ser. No. 10/279,992, 
herein incorporated by reference in its entirety) wherein thert 
and 3' LTR had been deleted to increase the safety of the 
vaccine. The A2-SHIV. DNA also replaces the deleted 3' 
LTR sequence with the SV40 polyadenylation sequence. The 
remaining two animals were immunized with a live virus 
vaccine. The three animals vaccinated with the DNA vaccine 
were each given 2 mg of the DNA, injected intradermally, 
followed by an intramuscular injection of 5 mg of DNA six 
weeks later, and a third, 0.5 mg intramuscular DNA injection 
twelve weeks later. The macaques were challenged intrave 
nously with an undiluted stock preparation of SHIV 89.6P 
twelve weeks after the final immunization. It is important to 
note that the same dose of the SERI 89.6P causes disease in 
100% of inoculated control animals. The two macaques vac 
cinated with live virus were challenged ten weeks post-vac 
cination with the same SHIV virus. 
0044) When the animals were subsequently studied, it 
became clear that the DNA vaccine induces ELISPOTTM 
(Cellular Technology Limited, Cleveland, Ohio) responses 
against epitopes in the Env and Gag peptides, as well as 
neutralizing antibodies to SHIV. ELISPOTTM responses 
are hereby defined as measures of the number of cells 
expressing an indicated epitope. All three animals vaccinated 
with the DNA vaccine became infected with SHIV 89.6P, but 
each developed only low levels of viral RNA in plasma, with 
no loss of CD4 T-cells. The animals vaccinated with the DNA 
vaccine A2-SHIV DNA developed a massive anamnestic 
ELISPOTTM response following challenge. The infection in 
these animals has been controlled for more than 28 weeks. At 
the 28-week point, the three animals that were immunized 
with DNA vaccine demonstrated protection that was as effi 
cient as animals immunized with the live vaccine. Thus, the 
DNA vaccine proved to be just as efficient as the live vaccine 
in eliciting protection against heterologous SHIV 89.6P. Fur 
ther, the animals receiving the DNA vaccination did not have 
to bear the burden of prior infection with a live vaccine virus. 

Example 3 

In Vivo Efficacy of Both the A2-SHIV and 
A4-SHIV DNA Vaccines 

0045 Although the experiment described in Example 2 
indicated the efficacy of the DNA vaccine A2-SHIV DNA 
lacking the rt gene and 3' LTR, it was not clear whether the 
current vaccine, the A4-SHIV, would be efficacious as a 
vaccine. The uncertainty stems from the fact that the current 
vaccine A4-SHIV contains four deletions (rt, int, vif, and 
the 3' LTR), each deletion corresponding to a portion of the 
viral genome important in infectivity of the virus. The dele 
tions were made in order to render the virus non-infectious 
and safe for use, but it was unknown whether these four 
deletions, in addition to the fact that a DNA rather than alive 
virus was being used, would render the vaccine incapable of 
providing protection against HIV-1. Surprisingly, the present 
virus proved to be just as efficient at inducing protection 
against heterologous SHIV 89.6P as the A2-SHIV DNA 
vaccine described in the live virus comparison of Example 2. 
0046 Three macaques were injected intramuscularly with 
5 mg of the A2-SHIV. DNA, while three other macaques 
were injected intramuscularly with 5 mg of the present 
A4-SHIV DNA. The injections were repeated eleven 
weeks later, and the animals were challenged intravenously 
with undiluted Stock of SHIV 89.6P six weeks after the Sec 
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ond immunization. All six of the animals developed 
ELISPOTTM responses to the vaccine three weeks after the 
first injection, the responses declining approximately three 
weeks later to undetectable levels. The responses appeared 
once again only one week after the second injection, and 
again declined to low levels. Only minimal responses were 
detected at the time of challenge. By one week after chal 
lenge, each of the animals had developed high titers of viral 
replication, which were matched by a powerful CMI (cell 
mediated immune) response. By two weeks post-challenge, 
the viral burdens in the animals declined to levels between 
ten- and twenty-fold less than concentrations observed one 
week earlier. None of the animals lost CD4 T-cells. The 
ability of the DNAs to induce protection after only two injec 
tions underscores the potency of the DNA vaccines, and the 
results of the experiment clearly showed that, despite the 
additional deletions, the A4-SHIV DNA construct DNA 
vaccine (SEQID NO: 1) of the present invention was just as 
effective as the A2-SHIV DNA vaccine, which in turn was 
just as effective as the live virus vaccine. 

Example 4 
Utility of the SV40 Polyadenylation Sequence as a 

Substitute for the 3LTR 

0047 A further experiment was performed to compare the 
utility of the SV40 polyadenylation sequences as substitutes 
for the 3' LTR sequence. This was accomplished by compar 
ing the ability of the V5 embodiment SHIV DNA vaccine 
with an intact 3'LTR and the V6 embodiment SHIV, DNA 
vaccine having the 3LTR substituted with an SV40 polyade 
nylation sequence (SEQID NO: 6) to express vector-encoded 
viral proteins (both the V5 and V6 embodiments are described 
in patent application Ser. No. 10/279,992, herein incorpo 
rated by reference in its entirety). Performance of the two 
DNA molecules was compared in transfected primary human 
fibroblasts, the human embryonic kidney epithelial cell line 
293, and in Jurkat cells, for expression of viral proteins in 
intra and extracellular compartments. The DNAs were also 
compared for duration of expression and for the amount of 
protein production, as well as for post translational modifica 
tion and cleavage of precursor proteins. It was determined 
that the 3' LTR deleted V6 embodiment SHIV, DNA vac 
cine construct, Surprisingly, was more efficient in producing 
viral proteins than the V5 embodiment SHIV. DNA vaccine 
construct having both LTRs. The duration of protein produc 
tion was also longer in the 3' LTR deleted vaccine. Immuno 
precipitation analysis revealed that deletion of the 3' LTR 
resulted in rapid cleavage of the gag precursor, yielding 
double the amount of p27 being exported to the extracellular 
compartment. Taken together, these data indicate that dele 
tion of the 3' LTR not only alleviates concerns about integra 
tion of the viral genome into host DNA, but also results in a 
more efficient expression of viral proteins. 

Example 5 

Coadministration of Cytokines with A4-SHIV 
DNA Vaccine 

0048 Next, a study was undertaken to ascertain whether 
the immune response induced by the present vaccine could be 
enhanced by co-administration of cytokines (for example, 
GM-CSF) DNA. BALB/C mice were immunized intramus 
cularly with a mixture of 100 g of A4-SHIV DNA and 25 
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ug of mouse GM-CSF DNA. The injections were given twice, 
two weeks apart, and the mice were sacrificed one week after 
the second immunization. Splenocytes were tested for 
response to SIV Gag peptides divided into five groups in the 
ELISPOTTM assay. Even though the immunization doses 
were low and tissue samples were harvested early, before 
CMI responses could peak, all four animals that received 
GM-CSF DNA along with the vaccine DNA developed 
ELISPOTTM responses, varying from 20 to 40 cells/10° sple 
nocytes, whereas only 50% of the animals receiving the vac 
cine DNA alone developed such a response. The GM-CSF 
caused an impressive chemotactic effect, as evidenced by the 
large number of mononuclear cells that were concentrated at 
the site of injection. This effect attracted many more antigen 
presenting dendritic cells to the site of the injection than 
evident in the animals that received the DNA vaccine only. 
Surprisingly, however, the mice that received both vaccine 
DNA and GM-CSF developed lower CMI titers than those 
receiving the DNA vaccine alone. That is, the number of viral 
protein specific ELISPOTTM positive cells generated by the 
vaccine alone was significantly higher than those generated 
by the vaccine plus GM-CSF. It is concluded that coadmin 
istration of the A4-SHIV DNA vaccine with a cytokine 
such as GM-CSF may be desirable in instances where it is 
either prophylactically or therapeutically desirable to 
increase the number of injected subjects that develop acti 
vated splenocytes. 
0049. Thus, the present DNA vaccine is useful for provid 
ing protection against HIV. The DNA used in the present 
invention was derived from SHIV, a virus that has a highly 
efficient replication strategy, making it highly pathogenic. 
The transcriptional machinery of the DNA was maintained by 
preserving the 5' LTR that houses the promoter/enhancer 
sequences of the viral DNA. In addition, the 5' LTR contains 

SEQUENCE LISTING 

<16 Os NUMBER OF SEO ID NOS: 7 

<21 Os SEQ ID NO 1 
&211s LENGTH: 9994 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
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binding sites for transcription factors such as NFKB, NFAT, 
SP-1, and the like, and the binding site for the RNA of tat, a 
molecule unique to HIV and the lentivirus that is responsible 
for the transactivation of viral DNA. The integrase gene and 
the 3' LTR were deleted to minimize the ability of the DNA to 
integrate into host cell DNA. Thus, the DNA cannot persist 
indefinitely in tissues. Furthermore, the deletion of the 
reverse transcriptase and vif genes crippled the ability of the 
genome to code for infectious virus. At the same time, the 
viral proteins encoded by the env, gag, Vpu, tat, and nef genes 
were highly expressed in cells transfected with the DNA. The 
present DNA vaccine is highly immunogenic in macaques 
and elicits protective immunity against heterologous viruses. 
Importantly, the present vaccine can be used not only prophy 
lactically, but also therapeutically in individuals already 
infected with HIV because the DNA may be injected at any 
time during a period when anti-retroviral drug therapy is in 
place. 
0050. The examples and disclosure provided above 
describe certain embodiments of the present invention, but 
are not meant to be limiting. It will be apparent to those of 
skill in the art, upon reading this disclosure, that the present 
invention may be modified in a number of ways without 
departing from the spirit or scope of the invention. For 
example, the env, gag, and nefgenes described above could be 
excised and replaced with the corresponding genes from 
another subtype of HIV. Thus, the present vaccine could be 
used for immunization against various subtypes of HIV. Fur 
ther, the env, gag, nef, and other genes described above could 
be replaced with genes from other viruses, such as SARS and 
Hepatitis C. Thus, the present DNA vaccine, described above, 
could be used as an engine to drive expression of viral genes 
from other than HIV or SIV, thereby providing a DNA vac 
cine to a variety of other viruses. The present invention is 
limited only by the claims that follow. 

<223> OTHER INFORMATION: Simian immunodeficiency virus/human 
immunodeficiency virus 

<4 OOs SEQUENCE: 1 

tggaagggat tt attacagt gcaagaaga C at agaat Ctt agaCatgtac ttagaaaagg 60 

aaaaaggcat cataccagat tgcaggatt acacct Cagg accaggaatt agat acccala 12O 

aga catttgg ctggctatgg aaattagt cc ctgtaaatgt at Cagatgag gCacaggagg 18O 

atgaagagca ttatttaatg catccagotc aaactt.ccca gtgggatgac ccttggagag 24 O 

aggttctago atggaagttt gatcCaactic tigcctacac titatgaggca tatgttagat 3 OO 

acccagaaga gtttggaagc aagtic aggcc titcagagga agaggittaala agaaggctaa 360 

cc.gcaa.gagg ccttcttaac atggctgaca agaaggaaac togctgaaac agcagggact 42O 

titccaca agg ggatgttacg gggagg tact ggggaggagc cggit cqggala C9cc cactitt 48O 

Cttgatgitat aaatat cact gcatttcgct ctgt attcag togctctgcg gagaggctgg 54 O 
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- Continued 

aaaaaataaa agcattaatg gagatatgca Cagaaatgga aaaggaaggg aaaatttcaa 288O 

aaattgggcc tdaaaatcca tacaatactic cagtgtttgc cataaagaaa aaaga cagta 294 O 

Ctaagtggag aaaattagta gattt cagag aacttaataa gaaaact cala gaCttctggg 3 OOO 

aggttcaatt aggaatacca catc.ccgcgg ggittaaaaaa gaaaaagttca gta acagtac 3 O 6 O 

tggatgtggg tatgcatac ttct cagttc cct tagatga agattittagg aagtatactg 312 O 

catttaccat acctagtata aacaatgaga cat caggaat tagatat cag tacaatgtgc 318O 

titcCacaggg atggaaaggg to accatgtc. agatccCagg gagagaatcc Cacctggaaa 324 O 

Cagtggagaa gagacaatag gagaggcctt caatggcta alacagaacag tagaggagat 33 OO 

aaacagagag gcggtaalacc acctaccalag ggagctaatt titcCaggittt ggcaaaggit c 3360 

ttgggaatac ticatgatgaacaagggat gtcaccalagc tatgtaaaat acagatactt 342O 

gtgtttaata caaaaggctt tatttatgca ttgcaagaaa ggctgtagat gtc.tagggga 3480 

agga catggg gCagggggat ggagacCagg acctic ct cot cct coccct C Caggact agc 354 O 

ataaatggaa gaaagacct C Cagaaaatga aggaccacaa agggaac cat gggatgaatg 36OO 

gg tagtggag gttittggaag aactgaaaga agaagctitta aaa.cattttg atcct cqctt 366 O 

gcta actgcc Cttggtaatc at atctataa t cqtcacgga gacactic tag agggagcagg 372 O 

agaact catt agaatcct co aacgagcgct citt catgcat titcagaggcg gatgcatcca 378 O 

CtcCagaatc ggccalacctg agggaggaaa t cct Ctctica gct at accgc cct ct agaag 384 O 

cattctgtag agcaagaaat ggagc.cagta gatcc tagac tagagcc ctg. galagcatcca 3900 

ggaagtaagc ctaaaactgc titgitacca at tdc tattgta aaaagtgttg ctitt cattgc 396 O 

Caagtttgtt tdataacaaa agcct taggc atct cct atg gCaggaagaa gcggaga cag 4 O2O 

cgacgaagag ct catcagaa cagt cagact catcaagctt ct citat caaa goagtaagta 4 O8O 

gtacatgitaa tdcaacct at accaatagta gcaat agtag cattagtagt agcaataata 414 O 

at agcaatag ttgttgttggtc. cat agtaatc atagaatata ggaaaatatt aagacaaaga 42OO 

aaaatagaca ggittaattga tag actaata gaaagagcag aagacagtgg caatgagagt 426 O 

gaaggagaga t at Cagaatt at Cagcactt gtggagagag ggCatcttgc ticcittgggat 432O 

attaatgata ttagc actg. Cagga caatt gtgggtcaca gtctatt atgggg.tacctgt 438 O 

gtggagagaa goalaccacca citctattttgttgcatcagat gctaaag cat atgatacaga 4 44 O 

ggtgcataat gtctgggcca Cacatgcctg tdt acccaca gaccc.ca.gcc cacaagaaat 4500 

ggcattggaa aatgtgacag aaaattittga catgtggaaa aataatatgg tagaacagat 456 O 

gcatgaagat ataatcagct tatgggat.ca aagcc taaag ccttgtgtaa aattaacticc 462O 

actatotgtt actittaaatt gcact gatgt aaa.gagaaat gctac tagta acactag tag 468O 

tagctgggaa aggatggaac Caggagaaat aaaaaactgc tictitt caatgtcaccitcaaa 474. O 

tataagagat aagatgcgga aagaatatgc act cittittat aaacttgatg taataccaat 48OO 

aaataatact agtgataata gtgctaaata tagattgata agttgtaa.ca cct cagt cct 486 O 

tacacaagct tdtccaaaaa tat cotttga gccaatticca atacattatt gtaccc.cggc 492 O 

tggittittgcg Cttctgaagt gtaatgataa ggagttcaat ggaacgggac catgtaaaaa 498O 

tgtcagcaca gtacaatgta cacatggaat caa.gc.cagta gitat caactic aactgctgtt 5040 

aaatggcagt ct atcagaag gaggggttgt aattagatct caaaattitca caaacaatgc 51OO 
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cgcaatttico 

Ccagctgtgg 

agagaaag.ca 

Ctctttggag 

tggatacagg 

caaaaatagt 

tagaagttitt 

tttittgg tag 

tagagcctgt 

Catt at Caaa. 

gtcagttgga 

aaaaggataa 

aggactittac 

gaattacagt 

ggcagtacac 

tittataaggt 

gacatgtgct 

atgacat citt 

Calaaggaact 

CCC cattt Ca 

agttgccaca 

attgggcagc 

gaaaaatgac 

aaaataaaat 

tagaa.gc.cac 

acaaaatact 

gact attagc 

toccaaaatt 

ggcaggtaac 

tott caat ct 

gtaataaa.ca 

taaaagtgtt 

tgacagactic 

taac aggatg 

ttaaaaagtic 

aagaaataga 

agc.ca.gcaca 

ttggattacc 

c catggctica 

atctgctaaa 

gagaga agcc 

gagaccagta 

ggctgatgat 

aggaggaata 

aggcaaaagg 

aaatttgcta 

aaaagt cqcc 

agaaaagata 

ggaagctic cc 

gaacaaatgg 

ggaagt ccaa 

actggatata 

tgcctt tact 

tctgcct cag 

agaaccottc 

aatago tagt 

cittgaatago 

atggatgggg 

aagagagacic 

toaaattitat 

tctalacagag 

aattct cagt 

ggtaataaag 

gaaagtagga 

acatgtaata 

CCaCttacca 

Ctggat accg 

agtgaaggac 

gtcaaaagaa 

agalacagact 

agggccaaag 

c cc tacagaa 

agaaattitat 

ccacct agtt 

agaagaac at 

Cagaat agtg 

agtgcatcag 

gaact acatg 

ttacaaggag 

gtcactgctic 

tctattgtaa 

ggaggittitta 

attaaaggga 

acagctctgg 

ttaaa.gc.cag 

gttgcattaa 

ccgaccaatc 

agaatgctga 

ttaggaatac 

ggtgatgcat 

ttaccatcag 

ggatggalagg 

aggaaggcaa. 

gacaggacag 

at agggittitt 

tacgaattgt 

tggacagtga 

cCaggtataa 

gaagttcagt 

Caggaacaag 

agt caggaca 

aaatttgcaa 

Cagaaaatag 

gttgagalagg 

gaatgggatt 

Cctatagagg 

gggaaag.ca.g 

actaatcaac 

gcaaat atta 

t cagaga.gca 

gtagcatggg 

agt caaggga 

gataaatacc 

gcc agacaga 

gggctgatgc 

Cagttgggca 

gtgacagagg 

at attgaagg 

Caggaataga 

ttaatactaa 

caat catgac 

ggatgtctict 

gaaagaatgg 

gagaaatctg 

Catacaa.cac 

tagattittag 

cacaccctgc 

at t t c to cat 

taaataatgc 

ggt caccagc 

atccagatgt 

acctggalaca 

ctaccc.caga 

ggccaacaaa 

atgatataca 

aalaccalaa.ca 

ggactgagat 

aaggatgtta 

atcagtggtc 

agataaagaa 

gaaaggaagc 

atgitatggga 

ttatctoaac 

gagaagaaac 

gatatat cac 

alagcagaatt 

tag tagattic 

ggctagittaa 

taccago aca 

ttagacaagt 

at agtaatgt 

tag taga cac 

11 

- Continued 

caactgcticc 

agcagcagag 

atttgctgca 

acagoctdta 

gttaggit coa 

agaatacaaa 

aggggacacc 

aaattitt CCC 

accaaaattg 

ggaaaagatg 

CCC Cacattt 

ggalactalaat 

aggattagca 

acctictagat 

agagcCagga 

Catct tccala 

gacct tagtic 

tgacagggta 

agagaaattic 

atggaagttg 

gaagttagta 

t ct ctgtagg 

ggcagaa.gca 

ttaccaagaa 

ttataaaatt 

tacaCatac C 

aatagtgat c 

acagtggtgg 

accaccgcta 

Ctattataca 

agatagggg.c 

ggaag cattt 

acaatatgtt 

toaaataata 

Calaaggtata 

totcttcttg 

aaaagaattg 

ctgtgataaa 

Cccagaggac 

agaaaag.ca.g 

c ct caattict 

gaagtattac 

CattataccC 

aatgtagaaa 

ccgattaa.ca 

at agctaaag 

aag cagtggc 

gaaaaggatg 

gctataalaga 

agggit cactic 

aaaaggaaaa 

gaagaattta 

aaacgataca 

tacactatoga 

cagtatatgg 

gttttacagt 

caaaaagat c 

caaaagatag 

ggagt attaa 

ttaattagag 

gaatatgagg 

ggcaa.gc.cat 

Caccalagaag 

aatggagtga 

tggggac agg 

acagactatt 

gtaagattag 

gatggat.cgt 

aaaga caaag 

ct catgg cat 

atgggaataa 

gaagaaatga 

ggaggaalacc 

gaaaagatag 

gtatt caaat 

tgc catcaga 

162O 

168O 

1740 

18OO 

1860 

1920 

198O 

21OO 

216 O 

222 O 

228O 

234 O 

24 OO 

246 O 

252O 

2580 

264 O 

27 OO 

276 O 

282O 

288O 

294 O 

3 OOO 

3 O 6 O 

312 O 

318O 

324 O 

33 OO 

3360 

342O 

3480 

354 O 

36OO 

366 O 

372 O 

378 O 

384 O 
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aaggagaggc tatacatggg Caggtaaatt Cagat ct agg gaCttggcaa atggattgta 3900 

cc catctaga gggaaaaata atcat agttg cagtacatgt agctagtgga t t catagaag 396 O 

cagaggta at tccaca agag acaggaagac agacago act atttctgtta aaattggcag 4 O2O 

gcagatggcc tattacacat citacacacag ataatggtgc taactittgct tcgcaagaag 4 O8O 

taaagatggit to atggtgg gCagggatag agcacaccitt togg tacca tacaatccac 414 O 

agagt caggg agtagtggaa gCaatgaatc accacctgaa aaatcaaata gatagaatca 42OO 

gggaacaa.gc aaatticagta gaalaccatag tattaatggc agttcattgc atgaattitta 426 O 

aaagaagggg aggaat aggg gatatgactic cagcagaaag attaattaac atgat Cacta 432O 

cagaacaaga gatacaattt caacaatcaa aaaactcaaa atttaaaaat titt cqggtct 438 O 

attacagaga aggcagagat Caactgtgga agggacccgg tagctattg tdgaaagggg 4 44 O 

aaggagcagt catcttaaag gtagggacag acattalaggt agtacccaga agaaaggcta 4500 

aaattatcaa agattatgga ggaggaaaag aggtggatag cagttcc cac atggaggata 456 O 

ccggagaggit tagagaggtg gCatagocto ataaaat atc taaatataa alactaaagat 462O 

Ctacaaaagg tttgctatgt gcc cc attitt aaggt cqgat gggcatggtg gacctgcagc 468O 

agagtaatct tcc Cactaca ggaaggaagc catttagaag tacaagggit a ttggcatttg 474. O 

acaccagaaa aagggtggct cagtactitat gcagtgagga talacctggta Ctcaaagaac 48OO 

ttttggacag atgtaacacc aaactatoca gacattttac togcatagdac ttatttc.cct 486 O 

tgctitt acag C9ggagaagt gagaagggcc at Caggggag aacaactgct gtcttgctgc 492 O 

aggttc.ccga gagct cataa gCaccaggta C caa.gc.ctac agtacttagc actgaaagta 498O 

9 4981 

<210s, SEQ ID NO 3 
&211s LENGTH: 472 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Simian immunodeficiency virus/human 
immunodeficiency virus 

<4 OOs, SEQUENCE: 3 

atggaggagg aaaagaggtg gatagcagtt CCC acatgga ggataccgga gaggittagag 6 O 

aggtgg cata gcct catalaa at atctgaaa tataaaacta aagat ctaca aaaggitttgc 12 O 

tatgtgcc cc attittalaggt cqgatgggca ttggacct gcagcagagt aatct tcc.ca 18O 

Ctacaggaag gaa.gc.cattt agaagtacaa ggg tattggc atttgacacic agaaaaaggg 24 O 

tggcticagta Cttatgcagt gaggatalacc tigtact caa agaacttittg gacagatgta 3OO 

acaccaaact atgcagacat titt actgcat agcacttatt toccittgctt tacagcggga 360 

gaagtgagaa gggc.catcag gggagaacaa Ctgctgtctt gctgcaggitt C cc.gaga.gct 42O 

Catalagcacc agg taccalag cct acagtac ttagc actga aagtagtaag C9 472 

<210s, SEQ ID NO 4 
&211s LENGTH: 2376 
&212s. TYPE: DNA 

<213> ORGANISM: Human immunodeficiency virus 

<4 OOs, SEQUENCE: 4 

cgc.ccgaaca gggacgcgaa agcgaaagta galaccagagg agct Ctctic acgcaggact 6 O 



US 2012/002 1 000 A1 

cggcttgctg 

ttgact agcg 

acaattagat 

aaaa.catata 

agaaac agca 

atcagaggaa 

aatagagata 

taagaaaaaa 

aaattacCCt 

aactittaaat 

catgtttgca 

agtgggggga 

agaatgggat 

acca agggga 

gacaaataat 

aaataaaatt 

ggaaccctitt 

acaggaagta 

taagactatt 

cCagggagtg 

aacaaatcCa 

taagtgttitt 

aaagggctgt 

ggctaattitt 

alagcaggcta 

aact CCCCCt 

at cact ctitt 

ctattagata 

aaac Caaaaa. 

cc catagaaa 

aacataattg 

cctattgaaa 

tggc cattga 

gaagggaaaa 

aagaaaaaag 

acticaagact 

aagt cagtaa 

tittaggaagt 

aag.cgc.gcac 

gaggctagaa 

agatgggaaa 

gtatgggcaa. 

gaaggctgta 

Cttaaatcat 

aaagacacca 

gcacagcaag 

at agtgcaga 

gcatgggtaa 

gcattgtcag 

catcaa.gcag 

agattgcatc 

agtgacatag 

CCaCCt at CC 

gtaaggatgt 

agagacitatg 

aaaaattgga 

ttaaaag cat 

ggaggacct 

acggcc.gtga 

aattgtggca 

tggaaatgtg 

ttagggaaga 

galaccalacag 

Cagaag cagg 

ggcaacgacc 

Caggagcaga 

tgataggggg 

tctgtggaca 

gaagga attt 

ctgtaccagt 

Cagaagaaaa 

titt Caaaaat 

acagtactaa 

tctgggaggt 

Cagtactgga 

at actgcatt 

ggcaa.gaggc 

ggaga.gagat 

aaatt cqgtt 

gcagagagct 

gacaaatact 

tatttaatac 

aggaagctitt 

Cagcagctga 

acgct Caggg 

aagtag taga 

aaggagccac 

c catgcaaat 

cagtacatgc 

Caggalactac 

Cagtaggaga 

atagocctac 

tag accggitt 

tgacagaaac 

taggaccagg 

gccataaagc 

tgatgcagaa 

aagaagggca 

gaaaggalagg 

tctggcct tc 

c cccaccaga 

agacgataga 

cct cqt caca 

tgatacagtg 

aattggagga 

taaaactata 

gttgacticag 

aaaattaaag 

aataaaag.ca 

tgggcctgaa 

gtggagaaaa 

t caattagga 

tgtgggtgat 

taccatacct 

gagggg.cggc 

gggtgcgaga 

acggcCaggg 

agaacgattic 

gggacagcta 

aatagct acc 

agataagata 

Cacaggaaac 

acaaatggta 

agaaaaggct 

cc cacaagat 

attaaaagag 

agggcct att 

tag tacc citt 

aat Ctataaa. 

cagtatt citg 

Ctataaaact 

cittgttggtc 

agctacacta 

aagagttittg 

aagcaattitt 

catagccaaa 

acaccaaatg 

Ctaca aggga 

agcgagcttic 

Caaggaggtg 

ataaagatag 

ttagaagaca 

tittatcaaag 

ggtacagtat 

Cttggttgca 

cCaggaatgg 

ttaatggaga 

aat CCataca 

ttagtagatt 

attaccacatc. 

gcatact tct 

agtataaaca 

13 

- Continued 

gactggtgag 

gcqtcaatat 

ggaaagaaaa 

gcagttalacc 

Calaccat CCC 

ctic tattgttg 

gaggalaga.gc 

agcagcagcc 

Cat Caggc.ca 

tittaa.cccag 

ttaalacacca 

actat caatg 

gcaccaggcc 

Caggaacaaa 

aaatggataa 

gacatalagac 

Ctalaga.gc.cg 

Caaaatt Caa 

gaagaaatga 

gCagaa.gcaa. 

aggggccaaa 

aattgcaggg 

aaagattgta 

aggcCaggga 

aggtttgggg 

tat cotttala 

gggggcaact 

tgaatttgcc 

taaaacagta 

taataggacc 

Ctttalaattit 

atggcc.caaa 

tatgcacaga 

atact coagt 

t cagagaact 

CC9C9gggtt 

cagttcc citt 

atgagacat c 

tacgc.cattt 

taa.gcggggg 

gatataagtt 

Ctggcctgtt 

ttcagacagg 

tacatcaaag 

aaaacaaaag 

aagtcagc.ca 

tat caccitag 

aagtaat acc 

tgctaaacac 

aggaagctgc 

aaatgagaga 

taggatggat 

t catgggatt 

aaggaccaaa 

agcaa.gcttic 

accc.cgattg 

tgacagcatg 

tgagccaagt 

gaaaaattgt 

ctic ctagaaa 

Ctgaaagaca 

attitt cott ca. 

aggagacaac 

cct coct cag 

aaaagaa.gct 

aggaaaatgg 

tgat cagata 

tacacctgtc 

tcc cattagt 

agittaa.gcaa. 

aatggaaaag 

gtttgccata 

taataagaaa 

aaaaaagaaa 

agatgaagat 

aggaattaga 

12 O 

18O 

24 O 

3OO 

360 

54 O 

660 

72 O 

84 O 

9 OO 

96.O 

14 O 

2OO 

26 O 

32O 

44 O 

SOO 

560 

74 O 

86 O 

92 O 

98 O 

21OO 

216 O 

222 O 

228O 

234 O 
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Caggttgagc cctgggaggt t ct ct coagc act agcaggit agagcctggg tettic cctgc 6OO 

tagact ct ca C cagdacttg gcc.ggtgctgggcagagtga titccacgctt gcttgcttaa 660 

agcc ct ctitc aataaagctg. c cattttaga agtaagctag togtgttgttcc catct ct cot 72 O 

agcc.gc.cgcc tigtcaactic ggtact caat aataagaaga CCCtggtctg. t taggaccct 78O 

ttctgctttg ggaalaccgaa gCaggaaaat C cctagda 818 

What is claimed is: 
1. A method of stimulating an immune response in a recipi 

ent against Human Immunodeficiency Virus (HIV) compris 
ing: administering to the recipient a DNA composition com 
prising a promoter sequence operably linked to a coding 
sequence, wherein the coding sequence encodes a gag gene of 
Human Immunodeficiency Virus (HIV), a progene of HIV, a 
Vpx gene of Simian Immunodeficiency Virus (SIV), a vpr 
gene of SIV, a Vpu gene of HIV, a nef gene of HIV, a tat gene 
of HIV, an env gene of HIV, and a rev gene of HIV, with the 
coding sequence operably linked to a polyadenylation 
sequence, and wherein the DNA composition does not 
include functional reverse transcriptase (rt), integrase (int), 
and viral infectivity factor (vif) genes. 

2. The method of claim 1, wherein the coding sequence 
encodes at least one non-functional gene. 

3. The method of claim 1, wherein the promoter sequence 
is a 5' long terminal repeat (LTR) of SIV. 

4. The method of claim 1, wherein the polyadenylation 
sequence is an SV40 polyadenylation sequence. 

5. The method of claim 1, wherein the DNA composition is 
in a pharmaceutically acceptable carrier. 

6. The method of claim 1 further comprising administering 
to the recipient at least one cytokine. 

7. The method of claim 1, further comprising administer 
ing to the recipient at least one anti-viral drug therapy. 

8. A method of treating an HIV positive recipient compris 
ing: administering to the recipient a DNA composition com 
prising: a promoter sequence operably linked to a coding 
sequence, wherein the coding sequence encodes a gag gene of 
Human Immunodeficiency Virus (HIV), a progene of HIV, a 
Vpx gene of Simian Immunodeficiency Virus (SIV), a vpr 
gene of SIV, a Vpu gene of HIV, a nef gene of HIV, a tat gene 
of HIV, an env gene of HIV, and a rev gene of HIV, with the 
coding sequence operably linked to a polyadenylation 
sequence, and wherein the DNA composition does not 
include functional reverse transcriptase (rt), integrase (int), 
and viral infectivity factor (vif) genes. 

9. The method of claim 8, wherein the coding sequence 
encodes at least one non-functional gene. 

10. The method of claim 8, wherein the promoter sequence 
is a 5' long terminal repeat (LTR) of SIV. 

11. The method of claim 8, wherein the polyadenylation 
sequence is an SV40 polyadenylation sequence. 

12. The method of claim 8, wherein the DNA composition 
is in a pharmaceutically acceptable carrier. 

13. The method of claim 8 further comprising administer 
ing to the recipient at least one cytokine. 

14. The method of claim 8, further comprising administer 
ing to the recipient at least one anti-viral drug therapy. 

15. A method of vaccinating a recipient against HIV com 
prising: administering to the recipient a DNA composition 
comprising a promoter sequence operably linked to a coding 
sequence, wherein the coding sequence encodes a gag gene of 
Human Immunodeficiency Virus (HIV), a progene of HIV, a 
Vpx gene of Simian Immunodeficiency Virus (SIV), a vpr 
gene of SIV, a Vpu gene of HIV, a nef gene of HIV, a tat gene 
of HIV, an env gene of HIV, and a rev gene of HIV, with the 
coding sequence operably linked to a polyadenylation 
sequence, and wherein the DNA composition does not 
include functional reverse transcriptase (rt), integrase (int), 
and viral infectivity factor (vif) genes. 

16. The method of claim 15, wherein the coding sequence 
encodes at least one non-functional gene. 

17. The method of claim 15, wherein the promoter 
sequence is a 5' long terminal repeat (LTR) of SIV. 

18. The method of claim 15, wherein the polyadenylation 
sequence is an SV40 polyadenylation sequence. 

19. The method of claim 15, wherein the DNA composition 
is in a pharmaceutically acceptable carrier. 

20. The method of claim 15 further comprising adminis 
tering to the recipient at least one cytokine. 

21. The method of claim 15 further comprising adminis 
tering to the recipient at least one anti-viral drug therapy. 
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